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Summary
Background A 2007 study published in The Lancet estimated that approximately 219 million children aged younger 
than 5 years were exposed to stunting or extreme poverty in 2004. We updated the 2004 estimates with the use of 
improved data and methods and generated estimates for 2010.
Methods We used country-level prevalence of stunting in children younger than 5 years based on the 2006 Growth 
Standards proposed by WHO and poverty ratios from the World Bank to estimate children who were either stunted or 
lived in extreme poverty for 141 low-income and middle-income countries in 2004 and 2010. To avoid counting the 
same children twice, we excluded children jointly exposed to stunting and extreme poverty from children living in 
extreme poverty. To examine the robustness of estimates, we also used moderate poverty measures.
Findings The 2007 study underestimated children at risk of poor development. The estimated number of children 
exposed to the two risk factors in low-income and middle-income countries decreased from 279·1 million (95% CI 
250·4 million–307·4 million) in 2004 to 249·4 million (209·3 million–292·6 million) in 2010; prevalence of children 
at risk fell from 51% (95% CI 46–56) to 43% (36–51). The decline occurred in all income groups and regions with 
south Asia experiencing the largest drop. Sub-Saharan Africa had the highest prevalence in both years. These ﬁ ndings 
were robust to variations in poverty measures.
Interpretation Progress has been made in reducing the number of children exposed to stunting or poverty between 
2004 and 2010, but this is still not enough. Scaling up of eﬀ ective interventions targeting the most vulnerable 
children is urgently needed.
Funding National Institutes of Health, Bill & Melinda Gates Foundation, Hilton Foundation, and WHO.
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND license.
Introduction
Early child development forms the foundation of adult 
health and wellbeing and is a necessary component of the 
Sustainable Development Goals (SDGs). Recognition of 
the formative aspect of early childhood has increased 
emphasis on reducing risks for poor child development.1 
Improvement of measures for global prevalence of 
children at risk of poor development is necessary to 
accurately assess challenges, eﬀ ectiveness of interventions, 
gauge progress, and plan future investment.
Quantiﬁ cation of young children with poor development 
is challenging because there are, as yet, no established 
global standards for measuring child development, nor 
are there population-representative data for children’s 
early skills in low-income and middle-income countries. 
Available evidence from low-income and middle-income 
countries suggests that children’s early exposure to 
stunting and poverty is closely associated with deﬁ cits 
in their subsequent cognitive and social-emotional 
development, their educational performance, adulthood 
income, and risks of chronic diseases.2–10 In the 2007 
Lancet Child Development in Developing Countries 
Series,2 stunting and poverty were used to estimate the 
number of children aged younger than 5 years who were 
at risk of not fulﬁ lling their developmental potential, an 
indicator of poor child development. About 219 million 
children, 39% of children younger than 5 years in 
low-income and middle-income countries in 2004, were 
estimated to be exposed to one of these two risk factors.2 
The estimated average deﬁ cit in adult annual income, 
resulting from deﬁ cits in schooling associated with 
stunting or extreme poverty, was 19·8%.2
Major advances in the availability of data have occurred 
since 2007 when the 2004 estimates were made. New 
data for stunting and poverty have become available with 
a revised deﬁ nition of stunting (WHO)11 and extreme 
poverty (World Bank),12,13 leading to upward revised 
estimates of both.11–13 As a result of improved data 
availability and use of micro-level data, we were able to 
produce better quality data for generating direct 
measures of country-level estimates for stunting and 
poverty. With use of the most updated data and the new 
deﬁ nitions of stunting and extreme poverty, we updated 
the 2004 estimates and applied the same methods to 
produce estimates for 2010—the year that most 
developing countries had stunting and poverty data 
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available at the time of this analysis. The exercise allowed 
us to examine whether progress has been made over 
time in reducing the prevalence of young children at risk 
of poor development. With available nationally 
representative household surveys, we were able to 
improve estimation for missing data and produce 
estimates of the percentage of children younger than 
5 years living in extreme poverty or moderate poverty for 
a subset of countries. We also did sensitivity tests with 
the use of various poverty measures.
Methods
Deﬁ nitions and data sources
We followed the strategy used previously2 and measured 
the number of children aged younger than 5 years who 
had been exposed to stunting or extreme poverty. 
Estimation was done in 2004 and 2010 at the country, 
regional, and global levels for 141 low-income and middle-
income countries, including 40 low-income countries, 
56 lower-middle-income countries, and 45 upper-middle-
income countries, classiﬁ ed by the World Bank in 201014 
(appendix p 1).
Child stunting was deﬁ ned as height-for-age below 
–2 SDs from the median of the international reference 
population recommended by WHO in 2006.11 We took 
the deﬁ nition of extreme poverty by the World Bank 
(living on less than US$1·25 per day at 2005 international 
prices) to measure children living in extreme poverty.15 To 
test the sensitivity of estimates, we also expanded our 
estimation of children at risk by including children living 
in moderate poverty (living on less than $2 per day, 
according to the World Bank15).
Data sources for country-level populations younger 
than 5 years, stunting prevalence of children younger 
than 5 years, and the percentage of the population living 
in extreme or moderate poverty are presented in the 
appendix (p 1). We chose to use estimates of stunting 
prevalence and their uncertainties published in 
The Lancet because these data have the largest number 
of countries with available estimates (126 countries in 
our sample; appendix p 1) in 2004 and 2010.16 We 
imputed the stunting prevalence for the remaining 
15 countries (2% of total child populations in the 2 years; 
appendix p 2).
Data for the percentage of children aged younger 
than 5 years living in extreme poverty were not 
available. We addressed this issue in two ways. First, 
we used the 2007 assumption and used population-
level poverty ratios produced by the World Bank;2 and 
second, we generated child-level poverty ratios using 
nationally representative population-based surveys for 
a subset of countries. 
Of the 141 countries analysed, the World Bank had 
estimates for 109 countries between 2000 and 2012 
(median for years with available data: 2006 [IQR 2003–09]) 
on the percentage of the total population living below 
the extreme ($1·25) or moderate ($2) poverty line; 
48 countries had poverty measures in 2004 (49·3% of the 
See Online for appendix
Research in context
Evidence before this study
The 2007 Lancet Child Development in Developing Countries 
Series estimated that, in 2004, approximately 219 million 
children younger than 5 years were at risk of not fulﬁ lling their 
developmental potential because of their exposure to stunting or 
poverty. We searched PubMed for studies in English published 
between Jan 1, 2008, and Dec 31, 2015, measuring the number 
and prevalence of children exposed to stunting or extreme 
poverty at the global level, with the keywords “early child 
development” in abstracts. Our search yielded no publications 
during the period. 
Added value of this study
With use of the most updated data for stunting and extreme 
and moderate poverty based on revised deﬁ nitions and 
improved estimation methods, our study adds to the body of 
knowledge about the prevalence of children at risk of poor 
development, measured by children at risk of not fulﬁ lling their 
development potential resulting from exposure to stunting or 
extreme poverty, by updating the 2004 estimates and 
producing estimates for 2010. We also expanded the deﬁ nition 
of children at risk of poor development by producing a set of 
estimates including children exposed to moderate poverty. 
The analysis enables us to estimate the progress in reducing 
children at risk of poor development between 2004 and 2010. 
With expanded availability of micro-level and macro-level data, 
we were able to develop estimation and validation methods for 
missing data and we produced the ﬁ rst set of child-level poverty 
ratios for a subset of countries. We did sensitivity tests for 
estimates with the use of various poverty measures. These 
eﬀ orts improved the accuracy and comparability of the 
estimates, and allowed disparity analyses across and within 
countries.
We found that progress has been made during the period, but 
unevenly across regions, with sub-Saharan Africa having the 
smallest reduction and the highest prevalence of children at risk 
of poor development. A signiﬁ cant disparity in exposure to risk 
factors of early development between income groups has been 
observed, and disproportionate exposure to the risk of poor 
development was found in low-income countries.
Implications of all the available evidence
The evidence in this study taken together with previous 
evidence clearly indicates that the challenge to improve child 
development is large and requires immediate action, such as 
political prioritisation of eﬀ orts to scale up eﬀ ective 
interventions targeting the most vulnerable children. 
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total population younger than 5 years) and 42 countries 
had poverty measures in 2010 (45·3% of the total 
population younger than 5 years). For countries without 
poverty measures in 2004 and 2010, we estimated poverty 
as described in the appendix (p 3). 
Evidence has shown that children younger than 12 years 
have the highest poverty rates among all age groups, 
especially in low-income countries.17 The assumption 
that poverty ratios in children younger than 5 years are 
the same as those for the total population could lead to 
underestimation of children aged younger than 5 years 
living in poverty. We estimated country-level percentages 
of children aged younger than 5 years exposed to extreme 
or moderate poverty for a subset of countries using micro-
level data such as the Demographic and Health Surveys18 
or the Multiple Indicator Cluster Surveys.19 Estimation 
details are presented in the appendix (p 10). The mean of 
child-level poverty ratios across the countries was not 
signiﬁ cantly diﬀ erent from the mean of population-level 
poverty ratios across the same countries, which might be 
because more than half of the countries in this subset 
were in the middle-income group.
Estimation of children at risk of poor development
When we added numbers of children stunted to numbers 
of children living in poverty, to avoid counting children 
exposed to both stunting and extreme poverty twice, we 
constructed a dichotomous variable indicating a child 
exposed to poverty but not stunting using household 
surveys in 86 countries and obtained the percentage of 
children living in poverty but not stunting with 95% CIs 
for the 86 countries. Children jointly exposed to stunting 
and extreme poverty were excluded from children living 
in extreme poverty. For the 55 countries without micro-
level data (approximately 23% of the total child 
population), we replaced their missing values in the 
2 years with the average percentage of children living in 
poverty but not stunted by their income groups 
(appendix, p 13).
With the use of stunting prevalence (with 95% CIs) and 
the percentage of children living in extreme or moderate 
poverty but not stunted (with 95% CIs) for the 141 low-
income and middle-income countries, we generated two 
sets of estimates with uncertainty levels for the number 
and prevalence of children at risk in 2004 and 2010 at the 
country, regional, and global levels. For the subset of 
countries with estimates of child-level poverty ratios, we 
also produced two sets of estimates in 2004 and in 2010. 
We analysed the change in level, prevalence, and trends 
of children at risk between 2004 and 2010 and examined 
the robustness of results by comparing the estimates 
derived from various poverty measures.
Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had ﬁ nal 
responsibility for the decision to submit for publication.
Results
Although our recalculation of the 2004 estimate 
included fewer countries (141) than were included in the 
calculation by Grantham-McGregor and colleagues (156),2 
our 2004 estimate of children at risk (279 million) is higher 
than the Grantham-McGregor and colleagues’ estimate 
(219 million), suggesting that improved data availability 
showed higher estimates of children with poor develop-
ment. Our analysis of the driving forces behind the 
diﬀ erence is shown in the appendix (p 21).
Although the population of children aged younger than 
5 years in the 141 low-income and middle-income countries 
has risen from 547 million in 2004 to 576 million in 2010; 
there was a decline in both the level and prevalence 
of children at risk of poor development during this period. 
When extreme poverty ratios were used, the number 
of children at risk fell from 279·1 million 
(95% CI 250·4 million–307·4 million) in 2004 to 
249·4 million (209·3 million–292·6 million) in 2010 
(table 1). The prevalence of children at risk fell from 51% 
(95% CI 46–56) in 2004 to 43% (36–51) in 2010.
The use of moderate poverty ratios led to a considerable 
increase in the number and prevalence of children at 
risk in both 2004 and 2010 compared to the estimates 
using extreme poverty, but a decrease in the number of 
children at risk from 2004 (353·7 million [95% CI 
322·3 million–384·8 million]) to 2010 (324·2 million 
[281·4 million–370·1 million]) was still observed. 
A decrease in prevalence between 2004 and 2010 was 
also noted (table 1). 
The prevalence of stunting reduced from 190·6 million 
(35% of child population) in 2004 to 173·7 million (30%) 
in 2010, and the prevalence of extreme poverty reduced 
from 174·3 million (32%) in 2004 to 141·8 million (25%) 
in 2010. In children exposed to both stunting and extreme 
poverty, the diﬀ erence between children at risk and the 
sum of children stunted and living in extreme poverty 
reduced from 85·8 million in 2004 (16%) to 66·1 million 
in 2010 (12%). The number of children living in extreme 
2004 2010
Total number of children in population aged younger 
than 5 years (in millions)
547·0 575·6
Children at risk of poor development (in millions)
Stunting or extreme poverty 279·1 (250·4–307·4) 249·4 (209·3–292·6)
Stunting or moderate poverty 353·7 (322·3–384·8) 324·2 (281·4–370·1)
Prevalence of children at risk (%)
Stunting or extreme poverty 51% (46–56) 43% (36–51)
Stunting or moderate poverty 65% (59–70) 56% (49–64)
Data are n (95% CI) or % (95% CI), unless otherwise speciﬁ ed.
Table 1: Children at risk of poor development based on stunting or living in extreme or moderate poverty in 
141 countries in 2004 and 2010  
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poverty but not stunted (calculated from the diﬀ erence 
between number of children living in extreme poverty 
and number of children with joint exposure) reduced 
from 88·5 million (16%) in 2004 to 75·7 million (13%) in 
2010. The number of children stunted but not in poverty 
increased from 104·8 million (19%) in 2004 to 
107·6 million (19%) in 2010.
The prevalence of both risk factors declined in all 
regions during the period. South Asia had the largest drop 
in both the number and prevalence of children exposed to 
stunting or extreme poverty, followed by east Asia and the 
Paciﬁ c region. Accompanied by about a 16% increase in 
the population aged younger than 5 years in the region, 
sub-Saharan Africa had a rise in the number of children 
exposed to stunting and poverty, but the prevalence of the 
two risk factors also declined. Sub-Saharan Africa 
remained the region with the highest prevalence of 
children at risk in both years (table 2). The ﬁ ndings were 
robust when the moderate poverty measure was used.
With the use of extreme poverty measures, we observed 
a decrease in number of children at risk in all three 
income groups from 2004 to 2010 (ﬁ gure 1). 
Lower-middle-income countries (including China and 
India) had the largest fall among the three income 
groups, from 178·5 million to 151·3 million. 
Upper-middle-income countries fell from 15·17 million 
in 2004 to 13·02 million in 2010, whereas low-income 
countries had almost no change (ﬁ gure 1). China and 
India are the two countries with the largest populations 
of children younger than 5 years and have made 
substantial progress in reducing poverty in the past 
decade. If India and China were excluded from the lower-
middle-income countries, almost no reduction in risk in 
lower-middle-income countries would be noted during 
this period (70·48 million in 2004 vs 70·50 million in 
2010; ﬁ gure 1). In 2004, 31% of children at risk were from 
low-income countries, and this increased to 34% in 2010 
when extreme poverty measures were used. The ﬁ ndings 
were robust when using the moderate poverty measure 
(appendix p 22), suggesting that India and China were 
the leading force for the reduction of children at risk.
From 2004 to 2010, the prevalence of children at risk of 
poor development was reduced in all three income 
groups; low-income countries had the smallest rate of 
decline. There was a striking disparity in the prevalence 
across income groups. In 2004, when the extreme poverty 
measures were applied, the percentage of children 
at risk was 71% in low-income countries, 39% in 
Total population 
aged younger 
than 5 years
(in millions)
Prevalence of 
stunting
(in millions)
Number living 
with <US$1·25 
per day (in 
millions)
Number living 
with <$2 per 
day (in millions)
Number at risk 
($1·25;
in millions)
Number at risk 
($2; in millions)
2004 2010 2004 2010 2004 2010 2004 2010 2004 2010 2004 2010
East Asia and the Paciﬁ c 136·2 145·7 34·1 
(25%)
29·6 
(20%)
30·2 
(22%)
18·2 
(12%)
62·0 
(46%)
43·5 
(30%)
54·7 
(40%)
41·7 
(29%)
75·5 
(55%)
58·7 
(40%)
Europe and central Asia 25·4 27·9 4·8 
(19%)
4·8 
(17%)
1·1 
(4%)
0·8 
(3%)
3·0 
(12%)
2·0 
(7%)
5·6 
(22%)
5·4 
(19%)
7·0 
(28%)
6·3 
(23%)
Latin America and the Caribbean 56·8 54·1 9·1 
(16%)
8·0 
(15%)
4·9 
(9%)
3·0 
(6%)
10·1 
(18%)
6·0 
(11%)
11·6 
(21%)
9·7 
(18%)
15·3 
(27%)
11·9 
(22%)
Middle east and north Africa 32·3 36·5 8·0 
(25%)
8·6 
(24%)
1·1
(3%)
1·0 
(3%)
5·9 
(18%)
5·3 
(15%)
8·7 
(27%)
9·1 
(25%)
11·9 
(37%)
12·1 
(33%)
South Asia 171·4 168·1 80·6 
(47%)
67·6 
(40%)
69·5 
(41%)
46·5 
(28%)
126·6 
(74%)
105·8 
(63%)
110·9 
(65%)
88·8 
(53%)
140·8 
(82%)
119·7 
(71%)
Sub-Saharan Africa 124·9 143·3 53·9 
(43%)
55·1 
(38%)
67·5 
(54%)
72·3 
(50%)
94·9 
(76%)
104·4 
(73%)
87·6 
(70%)
94·8 
(66%)
103·3 
(83%)
115·5 
(81%)
Total 547·0 575·6 190·6 
(35%)
173·7 
(30%)
174·3 
(32%)
141·8 
(25%)
302·5 
(55%)
267·0 
(46%)
279·1 
(51%)
249·4 
(43%)
353·7 
(65%)
324·2 
(56%)
Data are n (%), unless otherwise speciﬁ ed.
Table 2: Regional estimates of number (in millions) and prevalence of children at risk of poor development in 2004 and 2010 using extreme or moderate 
poverty ratios in 141 countries 
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Figure 1: Number of children exposed to stunting or extreme poverty by 
country income group
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lower-middle-income countries, and 18% in the upper-
middle-income countries. The large diﬀ erence in 
prevalence between country income groups remained 
unchanged in 2010. The ﬁ ndings were robust when 
moderate poverty measures were used (ﬁ gure 2).
Country-level percentage change in the prevalence of 
children at risk between 2004 and 2010 when extreme 
poverty measures were used is shown in ﬁ gure 3. Of the 
141 countries assessed, 123 had reductions in prevalence. 
Among 27 countries with reduction of 20% or more, 
23 were middle-income countries including Vietnam 
(45%, the largest rate of decline), China (40%, the second 
largest rate of decline), and India at margin (by 20%). 
Six sub-Saharan countries also declined by more than 
20% (Angola, Botswana, Cape Verde, Congo Brazzaville, 
Mauritania, and South Africa). Of the 17 countries with 
no change or an increase in prevalence of children at risk 
of poor development, 11 were in sub-Saharan Africa.
In 2010, 34 countries had a prevalence of children at risk 
of 60% or higher: 30 from the low-income group and 
28 from sub-Saharan Africa (ﬁ gure 3). The top 
ten countries with the largest number of children at risk 
in 2010 were India, China, Nigeria, Bangladesh, Indonesia, 
Pakistan, Ethiopia, DR Congo, Tanzania, and the 
Philippines, the same countries identiﬁ ed in 2004. The 
sum of children at risk in these ten countries accounted 
for 64% of all children at risk in 2010. Country-level 
estimates of children at risk in 141 countries between 2004 
and 2010 are presented in the appendix (p 22).
Use of child-level poverty ratios yielded higher numbers 
of children living in poverty and at risk of poor development 
than did the population-level poverty ratio. For example, 
for 68 countries in 2004, the number of children living in 
extreme poverty was 130 million when using population-
level poverty ratio and 145 million when using the child-
level poverty ratio. The number of children at risk derived 
from the child-level extreme poverty ratio was 7 million 
higher than that derived from the population-level extreme 
poverty ratio (appendix p 26). The ﬁ ndings were consistent 
when moderate poverty measures were used.
Discussion
Driven by the decline in both stunting and poverty 
prevalence in children younger than 5 years between 
2004 and 2010, especially in China and India, a noticeable 
reduction was observed in both number and prevalence 
of children at risk of poor development in the 
141 low-income and middle-income countries between 
2004 and 2010, even though the child population has 
increased in this time. The declining trend and regional 
proﬁ le remained unchanged when the two diﬀ erent 
poverty measures (extreme and moderate) were used.
Progress, however, was uneven across regions, with sub-
Saharan Africa having the smallest reduction and the 
highest prevalence of children at risk during this time 
period. One notable concern is that disparity in exposure to 
risk factors between income groups improved little during 
this period, with a disproportionate exposure to the risks 
for poor child development in low-income countries.
This study shows encouraging, yet insuﬃ  cient, progress 
in reducing risks for poor child development from 2004 to 
2010. In 2010, at least 43% of children aged younger than 
5 years were at risk of not fulﬁ lling their development 
potential because of exposure to stunting or extreme 
poverty; and the prevalence increased to 56% when extreme 
poverty measures were replaced with moderate poverty 
measures. Even in south Asia, a region with the greatest 
progress during the period, more than half of the children 
were exposed to stunting or extreme poverty in 2010. The 
evidence clearly indicates that the challenge to improve 
child development, and thereby human capital and health, 
remains large in the next decade. The pace of reducing 
stunting and poverty will have to increase substantially for 
the vulnerable children, especially in low-income countries. 
The present study extended the availability of data in 
the study by Grantham-McGregor and colleagues2 and 
applied updated methods. However, two limitations 
remain. First, although poverty and stunting are strongly 
associated with risks for poor child development, other 
risks for poor development exist that are not necessarily 
associated with poverty and stunting, such as maternal 
depression, violence against children, or adverse environ-
mental conditions. Low maternal schooling aﬀ ects the 
amount and quality of cognitive stimulation provided to 
young children.20,21 Recent reviews on studies of violence 
against children concluded that the prevalence of child 
maltreatment worldwide is high and puts millions of 
children at risk of poor development.22,23 Children exposed 
to multiple risk factors have a greater likelihood of poor 
adult health and wellbeing.24 A pioneering study in the 
15 countries with available data on low maternal schooling 
2010 201020042004
At-risk children (living on <US$1·25) At-risk children (living on <US$2·00)
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Figure 2: Prevalence of children at risk of poor development by country income group in 2004 and 2010 
using extreme and moderate poverty measures
Articles
e921 www.thelancet.com/lancetgh   Vol 4   December 2016
and child maltreatment showed that estimates of children 
at risk in all 15 countries in 2010 increased substantially 
from 63% (associated with stunting and extreme poverty) 
to 75% when low maternal schooling and child mal-
treatment were added.25 Because of the insuﬃ  cient data 
for these risk factors in low-income and middle-income 
countries and in suﬃ  cient validation studies of the 
existing variables, we were not able to introduce these 
risk factors into the global estimation. This limitation 
highlights the need to develop global standards and 
broad-scale data to measure risk and protective factors for 
early child development. Although we improved the 
accuracy and comparability of the estimates across 
countries and between years with improved data and 
methods, estimates could go beyond 2010 as the frequency 
of macro-level and micro-level data increases and time to 
access the data improves.
Elimination of risks in early child development is a 
formidable challenge and requires a comprehensive 
understanding of the state of children’s development. 
Although exposure to risk factors is an eﬀ ective predictor 
for poor child development, proximal indicators of child 
development, such as direct measures of early child 
development, including intervention coverage and access 
to protective factors, would complement our knowledge 
about risk factors and shed light on how to eﬀ ectively 
reduce risk factors for poor early child development 
through interventions.
Future recommendations include continuing to 
monitor global progress in reducing the number of 
children aged younger than 5 years at risk of poor 
development by addressing the limitations of the current 
methods and investing in data and research strategies to 
develop standardised indicators for measuring child 
development. With increased knowledge of evidence-
based interventions on maternal health and early child 
development,26–30 immediate actions are needed to scale 
up eﬀ ective interventions, such as improving maternal 
and child nutrition, targeting the most vulnerable 
children in sub-Saharan Africa and south Asia.
≤0%
1–9%
10–19%
≥20%
Missing or excluded
≥60%
40–59%
20–39%
<20%
Missing or excluded
A
B
Figure 3: Country-level percentage of children younger than 5 years at risk of poor development in 141 countries
(A) Reduction between 2004 and 2010. (B) Prevalence in 2010. 
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